Dosimetry and Response Modeling in ?°Y-SIRT: Impact of Monte-Carlo
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P Jing P Figure 1. An example case outlining the various methods used to compute PV volumes and dosimetry in Dose-Response Predictions
_ _ _ this study. The reference PV was determined using from contrast-enhanced CBCT during the planning Complete Response Partial Response
* In this work, the impact of different ®°Y-SPECT procedure (a). Tumor and PV contours were transferred and registered to both standard (b-e) and MC- Model N Mean Prob N | Mean Prob
reconstructions and PV segmentation methods corrected (f-i) 90Y-SPECT/CT. 'I_'hreg different SPECT-based thresholds of 1.0 (c,9), 20 (d,h), anq 30 (e,i) pct PV M D 35/35 038 05 0.7
dosimetrv and response modeling were of max counts were used to objectively determine the PV for comparison with CBCT segmentation. The PV can LJosc - V.
on osm:je ya P 9 volumes, PV mean dose, and tumor mean doses derived from each PV segmentation method are included CBCT Tumor Mean Dose 34/35 0.93 3/5 0.50
dSSEesSSe in each figure. In the case highlighted above, PV volumes changed significantly, ranging from 18 mL (i) to 82 - : 4
mL (c). These differences in PV size then impacted PV and tumor dosimetry. In addition to dose metrics, the 10 pet ;umor Mean :)ose 33/33 0'9:‘ 2/5 0.61
percentage of the tumor volume intersecting with each PV was computed. Using the example case above, 20 pct Tumor Mean Dose 34/35 0.91 1/5 0.65
both tumors had 100% intersection with all PVs analyzed in the axial slice shown. 30 pct Tumor Mean Dose 35/35 091 0/5 0.66
METHODS CBCT Tumor D, 34/35 0.96 4/5 0.27
» 43 hepatocellular carcinoma (HCC) tumors were gg’%‘g; iLerfetLh'\c')‘IJ dmt;e";sgg T;s;cacf’::el";’h‘jvrﬁheiﬁg 10 pct Tumor Dy 34/35 0.95 3/5 0.33
tre_ated with ultra-selective radiation segmentectomy Closest Match to CBCT Method | o~ 5\, 1 \Which SPECT threshold is best? 20 pct Tumor Dy 34/35 0.95 3/5 0.32
using 2°Y-SIRT No clear answer — case dependent. CBCT is also 30 pct Tumor Dy, 34/35 0.93 3/5 0.46
No. of Cases . .
not necessarily the ground truth, but which SPECT 30 pct PV Mean Dose +
. The imaging data and dosimetry workflow used are 10 pct 20 pct 30 pct thr(()eshold aligns best see_ms generally random. The 2 . . 35/35 0.98 4/5 0.16
hoth outlined in Ei 1 bel 20% SPECT threshold did show the most common pct tumor intersection
oth outlined In Figure 1 below PV (mL) 14 (33%) | 17 (40%) | 11 (26%) | alignment with CBCT.
| | Figure 2 (below) Bland-Altman style plots showing Table 4. Prediction results from dose-response models using various dose metrics. All
* PV segmentation was performed using: 1) HU- PV Dose (Gy) | 18 (43%) | 14 (33%) | 10 (24%) differences in PV mean dose between CBCT and models using PV mean dose predicted complete response for all tumors despite 5
threshold guidance from planning-CBCT, and 2) SPECT segmentation methods. The data are plotted tumors with partial response. CBCT tumor Dgs predicted 38/40 tumors correctly. But
i 90V/_ relative to CBCT PV size. The variability in PV dose PV mean dose using 30 pct SPECT thresholds and tumor volume intersecting with 20
three post-therapy Y SPECT/CT thresholds at 10, Tumor Dose (Gy) | 11 (26%) | 17 (40%) | 15 (36%) | differences increased from 10 pct to 20 pct to 30 pct pct threshold PV was the best performing model. Such a model would not require full,
20, and 30 pct of maximum counts thresholds. This was mainly due to the trend toward voxelized dosimetry and could be implemented easily.
. Tumor Dy (Gy) | 11 (26%) | 18 (43%) | 14 (33%) much smaller volumes at higher thresholds for
e« Two 2°0Y-SPECT recons were employed: 1) clinical segmentation. Some cases showed dramatic

differences on the order of thousands of Gy.

standard and 2) Monte-Carlo (MC) corrected CONCLUSIONS

* PV size varied significantly based on segmentation method, with
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PVs could be combined with PV dose metrics to help improve
predictions for cases with a high risk of incomplete response
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D, 6-Month 0Y_-SPECT vs. CBCT Contours Table 2. Differences in PV, - |
5 Follow-Up MRI Standard Recon Median Difference Range PV mean dose, tumor * Such an approach could be easily incorporated into post-therapy

Figure 1. Basic dosimetry/response workflow using CBCT-based PV oD T e T T T s T e bt gssgégr}dat#;”‘s)';g% assessment without requiring significant efforts traditionally tied to
segmentatlon:. tumor(s) are segmented from the diagnostic MRI (a), PV Dose (Gy) 50 136 =5 | 1810 = 1760 | -1230—4470 | 714 8220 segmentation. On average, 3D, voxelized dos|metry
thedn fffhe” P\t/h IS Sr?glmel'nted ffromt:]he g'?ntra;)t\-(eggaEng‘?'?C'?B(C)T 'I('l;) Tumor Dose (Gy) | -396 | -23.6 | 449 [ -2760-1320 | -1920-2700 | -1190-5670 | the 20 pet threshold was
ana ftinally the wnoie liver from ne In - C). Ihe Tumor Dos (Gy) 162 | -14.8 204 | -2030—1240 | -1410—967 | -1100 — 3420 i : - - - 90
tumor and PV contours are rigidly registered and transferred to the Monte-Carlo Recon | 10 pct | 20 pet | 30 pet 10 pot 20 pot 30 pot the C.I]? sest ! Ot.CBCT' Caset * The results in this study highlight that post-therapy **Y-SPECT
90Y-SPECT/CT in (c) for dosimetry calculations. Voxelized dosimetry PV (mL) 21 | -122 | 252 | -104-173 | -182-655 | -204—292 ;‘r’eeé’i'c'; ;)’ﬁ‘a”sv'gpjlwsged?o can help identify discrepancies between planned and delivered
estlmatgs_ were Compujced from (c) using the local deposition method PV Dose (Gy) 204 | 213 920 | -1500-2500 | -1110-5330 | -812-9070 threshold alianed Best with volumes, while also informing adequate tumor alignment within
and activity normalization to the PV from (b). Complete response of Tumor Dose (Gy) | -351 143 899 | -2850 — 1800 | -2220-3040 | -1120-5210 . J| - -
both tumors at 6-months follow-up is seen in (d). Tumor Dos (Gy) | -252 | -21.4 | 333 | -2000-409 | -1500-778 | -656-3210 | CBCT in multiple specific treated regions

Cases.
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